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Objective To determine whether children with calcium-deficiency rickets respond better to treatment with cal-
cium as limestone or as ground fish.
Study designNigerian children with active rickets (n = 96) were randomized to receive calcium as powdered lime-
stone (920 mg of elemental calcium) or ground fish (952 mg of elemental calcium) daily for 24 weeks. Radiographic
healing was defined as achieving a score of 1.5 or less on a 10-point scale.
Results Themedian (range) age of enrolled children was 35 (6-151) months. Of the 88 children who completed the
study, 29 (66%) in the ground fish group and 24 (55%) in the limestone group achieved the primary outcome of a
radiographic score of 1.5 or less within 6 months (P = .39). The mean radiographic score improved from 6.2 2.4 to
1.8  2.2 in the ground fish group and from 6.3  2.2 to 2.1  2.4 in the limestone group (P = .68 for group com-
parison). In an intention to treat analysis adjusted for baseline radiographic score, age, milk calcium intake, and
serum 25-hydroxyvitamin D concentration, the response to treatment did not differ between the 2 groups
(P = .39). Younger age was associated with more complete radiographic healing in the adjusted model (aOR
0.74 [95% CI 0.57-0.92]). After 24 weeks of treatment, serum alkaline phosphatase had decreased, calcium and
25-hydroxyvitamin D increased, and bone mineral density increased in both groups, without significant differences
between treatment groups.
Conclusion In children with calcium-deficiency rickets, treatment with calcium as either ground fish or limestone
for 6 months healed rickets in the majority of children. (J Pediatr 2015;167:148-54).See editorial, p 12lthough nutritional rickets has been described classically as a disease caused by vitamin D deficiency, inadequate calciumA intake may be a more important cause in tropical countries, including Nigeria. Several studies have shown that calciumsupplementation for 6months effectively heals rickets in themajority of Nigerian children.1-4 The cost of calcium tablets
(approximately US $12 per month), however, is beyond the reach of many families in low-income countries. The effectiveness
of less costly, indigenous forms of calcium supplementation in treating rickets has not been explored.
Dairy products provide most of the dietary calcium of children in high-income countries but often are unaffordable and
unavailable in developing countries. The average intake of calcium in the diet of Nigerian children is 200 mg,5 far less than
the estimated average requirement recommended for North American children of 500 mg in children ages 1-3 years and
800 mg in children ages 4-8 years.6
Dried fish is a component of the diet in many low-income countries, including Nigeria, and the bones of fish are an excellent
source of calcium, which in studies in animals has been shown to be retained as effectively as milk calcium.7 After dried fish are
ground, the bonesmay be consumed without the risk of lodging in the throat or esophagus. Because it is already a component of
the diet, dried fish may be a suitable source of calcium supplementation in low-income countries.
Alternatively, limestone is an abundant form of calcium carbonate that contains approximately 30% elemental calcium. TheFrom the 1Department of Family Medicine and 2Mayo
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Children with deformities characteristic of rickets (genu
varum, genu valgum, widened wrists) were recruited as
they presented to the outpatient department of the Jos Uni-
versity Teaching Hospital in Jos, Nigeria. Each child was
examined, and a parent was interviewed. Children with clin-
ical evidence of rickets underwent radiography of the wrists
and knees. We used a 10-point radiographic scale to measure
the severity of radiographic changes in the wrists and knees9;
a score of 10 indicates the most severe radiographic features
of rickets. Rickets was considered active, and children were
eligible for enrollment if they had a radiographic score of 2
or greater. Children were excluded if they had taken vitamin
D or calcium supplements in the preceding 4 weeks. Only
children who were at least 6 months of age were enrolled in
the study.
Participation was voluntary, and written informed consent
was obtained from the parent or guardian of each child. The
study was approved by the Ethical Committee of the Jos Uni-
versity Teaching Hospital and the Institutional Review Board
of the Mayo Clinic.
We collected information about family size, birth order,
breast-feeding history, usual dairy product intake, and reli-
gion, education, and occupation of the parents. Parents
were not instructed to modify their child’s diet during the
study but were encouraged to provide the child with regular
exposure to sunlight for vitamin D. Standing height and
weight were measured at baseline, 12, and 24 weeks. Z-scores
of weight for height, weight for age, and height for age, which
permit comparison of nutritional status across age and sex
groups, were calculated with the nutritional anthropometric
program of Epi Info version 6.04c (Centers for Disease Con-
trol and Prevention, Atlanta, Georgia).
Radiographs of wrists and knees were repeated at 12 and
24 weeks after the children started treatment. Three physicians
who were unaware of treatment group assignment and the
temporal sequence of radiographs independently scored
each radiograph. The mean value of the 3 scores was used
for the analysis.
Eligible children were assigned randomly in blocks of 10 to
receive fish meal or limestone for a period of 24 weeks. We
used sealed envelopes for allocation concealment. Children
assigned to the ground fish group received a 4-weekly supply
(10 g twice daily) of ground fish, ground and prepared by the
Jos University Teaching Hospital Dietetics Department from
baked local species of dried catfish (Clarias gariepinus orHet-
erobranchus longifilis). The cost of ground fish varied between
US $1 and $2 for a 1-month supply. Ground fish commonly
is prepared with a food grinder used in local marketplaces.
Children assigned to the limestone group were given a 4-
weekly supply (1.75 g twice daily) of powdered limestone
(5-mmdiameter particle size). Powdered limestone was avail-
able commercially in 50-kg bags used in the production of
toothpaste and cosmetics, and the cost of 6 months of treat-
ment was approximate US $0.08. In comparison, calciumsupplements available in Nigerian pharmacies cost about
US $190 for 6 months of treatment. On the basis of analysis
of 18 monthly samples, the elemental calcium content of
ground fish was 4.6 g per 100 g, and that of limestone
27.2 g per 100 g. Thus, the assigned quantities of ground
fish and limestone provided 920 and 952 mg of elemental cal-
cium daily, respectively.
Parents were instructed to mix the limestone or ground
fish with the child’s food. The ground fish and limestone
had no toxic concentrations of heavy metals (US Department
of Agriculture. Agricultural Research Service US Plant, Soil &
Nutrition Laboratory, Cornell University, Ithaca, New York).
Children returned every 4 weeks to collect a new supplement
and to be monitored for adverse effects. To assess the child’s
compliance with the study, parents were instructed to bring
the remaining supplement to be weighed with an analytical
triple-beam pan weighing scale.Biochemical Measurements
Serum samples were obtained from the children at baseline
and at 12 and 24 weeks. All samples were stored at20C un-
til transported on dry ice to the Mayo Clinic for biochemical
testing. Serum calcium, phosphorus, and albumin were
measured using standard methods. The method of analysis
of alkaline phosphatase changed during the study. Of the
213 alkaline phosphatase samples, 108 were analyzed before
June 16, 2003 with a diethanolamine buffer, and 105
later samples were analyzed with a 2-amino-2-methyl-1-
propanol buffer. On the basis of laboratory validation data,
values using the older method were multiplied by 0.46 to
correspond to values comparable with newer method. All
time points for a single subject were analyzed together with
the same method, so that the change in alkaline phosphatase
with treatment was independent of the method used.
Serum 25-hydroxyvitamin D [25(OH)D] was measured
by isotope-dilution liquid chromatography tandem mass
spectrometry.10Bone Densitometry
Dual-energy X-ray absorptiometry of the left radius and ulna
was performed by a single investigator (T.T.) with a pDEXA
portable bone densitometer (Model 476A110; Norland Prod-
ucts Inc, Cranbury, New Jersey). Measurement sites included
the area of minimal areal bone mineral density (aBMD) of
the distal radius and ulna (primarily metaphyseal bone)
and the proximal one-third of the radius and ulna (primarily
diaphyseal bone). The instrument was set at standard preci-
sion and calibrated daily. To minimize movement artifact,
the child was laid supine on a custom-made platform with
his or her arm secured by Velcro straps, and the hand and
elbow were held by an assistant to minimize movement.
The parent was present to reassure the child. Most study sub-
jects were cooperative and relatively motionless. If the inves-
tigator judged that excessive motion artifact was present, the
scan was repeated. If the second attempt was unsuccessful,
the bone density data were excluded for that visit.149
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bone mineral apparent density was calculated by dividing the
bone mineral content by the bone area raised to the power of
1.5.11 Short-term and long-term precision errors were calcu-
lated in a group of children without rickets between the ages
of 12 and 36 months enrolled in another study.12,13 Duplicate
scans of 37 children without rickets demonstrated a short-
term in vivo precision of aBMD of 0.007 g/cm2 for the meta-
physeal radius and ulna and 0.013 g/cm2 for the diaphyseal
radius and ulna. The reference group for calculation of
aBMD z-scores was 660 healthy Nigerian children between
1 and 9 years of age from the same community who did
not have rickets.14
Statistical Analyses
The primary outcome variable was radiographic score, and a
score of 1.5 or less was used to classify rickets as healed.
Assuming 60% of children would heal their rickets4 in the
limestone group, the targeted sample size of 45 children in
each group would be adequate to demonstrate an absolute
reduction of 21% in the proportion healed in the ground
fish group with 80% power and 95% confidence. Normally
distributed data are reported as means (SD) and compared
between the 2 treatment groups via the t test. Data that were
not normally distributed are reported as medians with IQRs
and compared between groups with the Wilcoxon test or
Pearson c2 test. Differences between the treatment groups
of 12- and 24-week values of continuous variables were as-
sessed for significance with linear regression analysis to con-
trol for baseline values.
Logistic regression was performed to adjust for the effect of
confounding variables on the primary outcome in the 2 treat-
ment groups. Multiple linear regression was performed to
evaluate the independent effects of variables on the final
radiographic score as a continuous variable. Initial regression
models were adjusted for baseline differences between treat-
ment groups and for factors that were significantly related to
radiographic scores. Through a process of backward elimina-
tion, the final regression models were selected to retain vari-
ables with P values <.2 while we optimized the adjusted R2 for
the model.
Results
Of 325 children screened, 229 were excluded for the following
reasons: 116 had clinical features of rickets but radiographs
did not show active rickets, 23 had recently taken vitamin
D or calcium, 63 did not return for enrollment, 25 had a diag-
nosis other than rickets, and 2 were outside the eligible age
range. A total of 96 children were enrolled in the trial between
August 1998 and December 1999, and follow-up was
completed in May 2000. Of the 96 children enrolled, 88
completed the full 24 weeks of treatment. The remaining 8
children were lost to follow-up. At baseline, significant differ-
ences between the 2 treatment groups were found for age,
height, weight for age, proportion of subjects walking at
enrollment, and bone density values (Table I). Most of150these differences result from the difference in ages between
the 2 treatment groups. The median daily dairy calcium
intake was very low.
In the process of sample transport, storage, and analysis,
some serum samples were lost or exhausted. Consequently,
serum calcium, phosphorus, alkaline phosphatase, and albu-
min results were not available for 17 and 14 subjects at base-
line and 6 and 2 subjects at 24 weeks in the ground fish and
limestone groups, respectively. Serum 25(OH)D results were
not available for 3 and 5 subjects at baseline and in 23 and 22
subjects at 24 weeks in the ground fish and limestone group,
respectively. Of the 88 children with serum 25(OH)D con-
centrations at baseline, 38 (43%) had serum 25(OH)D con-
centrations less than 12 ng/mL (30 nmol/L), consistent
with vitamin D depletion. The initial radiographic scores
broadly represented all degrees of severity and correlated
with serum alkaline phosphatase concentrations (r = 0.45,
P < .001, n = 67).
Of the 88 children who completed the study, 29 (66%) in
the ground fish group and 24 (55%) in the limestone group
achieved the primary outcome of a radiographic score of 1.5
or less (P = .39). At the intermediate time point of 12 weeks,
11 (23%) in the ground fish group and 10 (23%) in the lime-
stone group had achieved the primary outcome (P = .99).
After 24 weeks of treatment, the mean radiographic score
had improved from 6.2  2.4 to 1.8  2.2 in the ground
fish group and from 6.3  2.2 to 2.1  2.4 in the limestone
group, with no difference between treatment groups
(P = .68; Figure 1).
Mean serum calcium improved from 8.0  1.1 mg/dL to
8.8  1.4 mg/dL in the ground fish group and from
8.1  1.2 mg/dL to 9.2  1.0 mg/dL in the limestone group
(P = .16) (Figure 2, A; available at www.jpeds.com). Serum
calcium levels were below our laboratory lower reference
limit of 9.6 mg/dL for children 1-14 years old in 95% of
children at baseline and 60% after treatment (P = .03).
Mean serum alkaline phosphatase decreased from
936  868 U/L to 515  293 U/L in the ground fish group
and from 615  292 to 433  249 in the limestone group
(P = .83; Figure 2, B). At baseline, 91% of children had
alkaline phosphatase levels $350 U/L, and this proportion
decreased to 53% of children after treatment (P = .04).
After 24 weeks of treatment, 15 (35%) in the ground fish
and 19 (43%) in the limestone group had both a
radiographic score of 1.5 or less and a serum alkaline
phosphatase <350 U/L (P = .43).
Mean serum 25(OH)D improved from 12.9  5.8 ng/mL
to 17.2  9.5 ng/mL in the ground fish group and from
15.5  8.6 ng/mL to 20.3  14.0 ng/mL in the limestone
group (P = .86), despite the children not being given vitamin
D supplements. The mean height-for-age Z score increased
from 4.2  1.7 to 3.8  1.5 in the ground fish group
and from 3.6  1.5 to 3.2  1.4 in the limestone group
(P = .08). The mean weight-for-height Z score decreased
from 0.29 0.75 to 0.31  0.88 in the ground fish group
and from 0.07 0.90 to0.34 0.86 in the limestone group
(P = .88).Thacher et al
Table I. Comparison of baseline characteristics of 96 children with rickets assigned to treatment with limestone or
fish meal*
Characteristics Limestone (n = 45) Ground fish (n = 51) P value
Age, mo 28 (19, 42) 42 (27, 59) .003
Sex, M/F 16/29 23/28 .34
Proportion of first-degree relatives with history of leg deformities, %† 9.9 10.2 .91
Age of symptom onset, mo 16 (12, 26) 24 (15, 28) .14
Age stopped breastfeeding, mo 15  6 17  7 .16
Age started walking, mo 16 (12, 18) 12 (11, 18) .13
Milk product calcium intake for breastfed children, mg/dz 0 (0, 19) 0 (0, 49) .12
Milk product calcium intake for nonbreastfed children, mg/d 15 (0, 33) 11 (0, 44) .18
Anthropometric characteristics
Height-for-age z-score 3.6  1.5 4.0  1.7 .18
Weight-for-age z-score 2.1  0.9 2.5  1.0 .05
Weight-for-height z-score 0.0  0.9 0.2  0.8 .13
Serumx
Calcium, mg/dL 8.1  1.2 8.0  1.0 .65
Phosphorus, mg/dL 3.3  0.8 3.3  0.7 .90
Alkaline phosphatase, U/L 542 (414, 736) 604 (502, 986) .22
Albumin, g/dL 4.0  0.4 4.0  0.4 .76
25(OH)D, ng/mL 13.8 (9, 20) 11.2 (8,16) .07
Mean radiographic score 5.75  2.40 5.47  2.76 .64
Bone densitometry
Distal radius and ulna
BMAD, g/cm3 0.092  0.025 0.095  0.026 .57
aBMD z-score 0.30  0.20 0.92  0.20 .03
Proximal one-third radius and ulna
BMAD, g/cm3 0.138  0.021 0.148  0.042 .22
aBMD z-score 0.96  0.85 1.76  0.23 .005
BMAD, bone mineral apparent density.
*Means are reported with  SD for data with normal distributions. Median values are followed by the 25th and 75th percentiles in parentheses for data with non-normal distributions.
†If more than one child from the same family was enrolled in the study, data from only one child was included in the analysis of family history.
zExcludes breast milk intake.
xTo convert values for serum calcium to millimoles per liter, multiply by 0.25. To convert values for serum phosphorus to millimoles per liter, multiply by 0.32. To convert values for serum 25(OH)D to
nanomoles per liter, multiply by 2.50.
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metaphyseal and diaphyseal radius and ulna improved in
both groups (Figure 2, C and D), with no differenceFigure 1. Radiographic severity scores during treatment of
nutritional rickets with ground fish or limestone. Radiographic
healing was defined as a score of 1.5 or less on a 10-point
scale. SEM is indicated by the error bars.
Comparison of Limestone and Ground Fish for Treatment of Nutrbetween treatment groups after adjustment for baseline
aBMD z-scores and height (Table II). Changes in other
bone density measurements did not differ between
treatment groups (Table II). An intention-to-treat analysis
of all children with the last measurement carried forward
and adjusted for baseline values showed no significant
differences between treatment groups in radiographic score
(P = .92), metaphyseal (P = .38) or diaphyseal aBMD
(P = .80), serum alkaline phosphatase (P = .82) or serum
calcium (P = .12).
The radiographic score at 24 weeks did not differ between
treatment groups in a linear regression analysis, adjusted for
age, baseline radiographic score, milk product calcium
intake, and serum 25(OH)D (P = .28). In an intention-to-
treat logistic regression analysis of treatment response (radio-
graphic score #1.5) at 24 weeks, adjusted for age, baseline
radiographic score, milk product calcium intake, and serum
25(OH)D (Table III), response was not significantly
different between treatment groups (P = .39). The
radiographic response to treatment did not differ between
male and female subjects (P = .62). Younger age was
associated with healing in the adjusted logistic regression
analysis (aOR 0.73 [95% CI 0.56-0.91] for each year of age).
Although supplementation did not achieve the prede-
fined end point for healing in all children (not healed in
34% in the ground fish group and 45% in the limestone
group), radiographic scores improved in 32 of 36 childrenitional Rickets in Children in Nigeria 151
Table II. Changes in bone density variables after 24 weeks of treatment
Characteristics
Limestone Ground fish
P value*Baseline 24 wk Baseline 24 wk
Metaphyseal radius and ulna
BMC, gm 0.226  0.073 0.296  0.095 0.339  0.185 0.406  0.249 .57
Bone area, cm2 1.832  0.282 2.063  0.311 2.276  0.504 2.324  0.522 .18
aBMD, g/cm2 0.123  0.033 0.143  0.037 0.143  0.048 0.165  0.060 .38
BMAD, g/cm3 0.092  0.025 0.100  0.025 0.095  0.026 0.107  0.030 .15
aBMD z-score 0.30  1.24 0.03  1.47 0.92  1.21 0.21  1.56 .54
Delta BMD z-score 0.37  1.03 0.73  1.18 .17
Diaphyseal radius and ulna
BMC, gm 0.321  0.079 0.402  0.104 0.424  0.196 0.519  0.215 .98
Bone area, cm2 1.749  0.218 1.828  0.227 1.980  0.306 1.978  0.280 .14
aBMD, g/cm2 0.182  0.030 0.217  0.010 0.208  0.069 0.257  0.080 .55
BMAD, g/cm3 0.138  0.021 0.161  0.026 0.148  0.042 0.183  0.051 .27
aBMD z-score 0.96  0.85 0.43  0.96 1.76  1.39 0.68  1.72 .43
Delta BMD z-score 0.67  0.73 0.99  1.03 .14
BMC, bone mineral content.
All values in the table represent the mean  SD.
*Comparison between the 2 treatment groups at 24 weeks with control for baseline values and height as model effects in a linear regression model.
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24 weeks. In these 36 children, the mean radiographic
score decreased from 7.0  2.1 to 3.9  2.4 (P < .001).
Mean serum 25(OH)D increased from 15.6  7.7 ng/mL
to 21.5  12.5 ng/mL in children who attained radio-
graphic healing at 24 weeks but remained constant from
11.8  6.3 ng/mL to 11.4  5.2 ng/mL in those children
who did not meet healing criteria (P = .03 for difference
between those who did and did not meet healing criteria).
Mean 25(OH)D values were lower at baseline in those who
did not achieve radiographic healing (P = .02). Radio-
graphs were obtained at 36 weeks in 19 children who
had not met criteria for healing at 24 weeks and who
were provided continued calcium supplementation. The
mean radiographic score improved from 4.6  2.6 to
2.8  3.1 (P < .001), and 9 of 19 achieved radiographic
healing, which suggests that children may attain radio-
graphic healing if given more time on calcium supplemen-
tation.
Seven of the eight children who did not complete the study
were in the ground fish group. Of these 7, 3 reportedly
refused to take the supplement, and 1 died after hospitaliza-
tion for a febrile illness. Four children did not return for
follow-up for unknown reasons. Children who did not com-
plete the study were younger (32 16 months) than children
who completed the study (43  28 months; P = .03). As
determined by the weight of consumed supplement, compli-
ance in the 88 children who completed the study was 79.6%
and 78.2% of the total prescribed quantity in the ground fish
and limestone groups, respectively (P = .76). Compliance was
not significantly associated with radiographic healing
(P = .37). Compliance in children who did not meet radio-
graphic outcome criteria for healing was 76.3% and 74.2%
in the ground fish and limestone groups, respectively,
compared with 81.4% in both treatment groups in children
who achieved radiographic healing (P = .16). Age was not
associated with compliance (P = .33).152Discussion
We found that both ground fish and limestone healed rickets
in Nigerian children. In a previous study of Nigerian children
with active rickets, we reported that calcium supplementa-
tion alone or in combination with vitamin D healed rickets
within 6 months in 61% and 58% of children, respectively.4
We observed similar proportions of children healed with
ground fish and limestone in the present study, which sug-
gests that indigenous forms of calcium are as effective as cal-
cium tablets and may be used in place of pharmaceutical
supplementation in low-income countries. In Nigeria,
ground fish and limestone are readily accessible, inexpensive,
and culturally acceptable.
Although no studies have compared the absorption and
bioavailability of indigenous sources of calcium with more
traditional forms of calcium supplements, one study deter-
mined that the bioavailability of calcium carbonate in the
form of calcium tablets was equivalent to calcium from die-
tary sources, such as skimmilk and orange juice fortified with
calcium-citrate malate.15 Calcium absorption, as measured
by whole-body retention, was similar between ground small
Bengali fish and a milk meal.16 These studies suggest that cal-
cium from indigenous sources, such as ground fish, is as
adequately absorbed and bioavailable as traditional calcium
supplements.
We previously reported that a more rapid decrease in alka-
line phosphatase and improvement in radiographic score can
be reached when calcium supplementation as limestone is
combined with vitamin D to treat rickets compared with cal-
cium supplementation alone.17 In that study, 67% of children
reached radiographic criteria for healing after calcium as
limestone was combined with vitamin D supplementation,
comparedwith 44%of children in the calcium group. In addi-
tion, the final serum 25(OH)Dwas greater in individuals who
achieved healing (23  7 ng/mL) than in those who did notThacher et al
Table III. Logistic regression analysis of characteristics
predictive of radiographic response to treatment after
24 weeks in 88 children with nutritional rickets
Characteristics aOR (95% CI) P value
Treatment with ground fish 2.2 (0.79-6.9) .14
Age, y 0.73 (0.56-0.91) .01
Baseline radiographic score 0.77 (0.60-0.96) .02
Baseline 25(OH)D #12 ng/mL 0.94 (0.34-2.6) .90
Milk product calcium intake, mg/d 1.00 (0.99-1.02) .54
July 2015 ORIGINAL ARTICLES(15 7 ng/mL), independent of vitamin D supplementation.
We observed a similar increase in 25(OH)D in the current
study among those who attained radiographic healing, but
25(OH)D in those who did not heal radiographically re-
mained relatively constant. This finding could be related to
persistently increased 1,25-dihydroxyvitamin D concentra-
tions, resulting in increased catabolism of 25(OH)D. Vitamin
D deficiency (25(OH)D <12 ng/mL) at baseline was not inde-
pendently predictive of failure to heal in the logistic regression
analysis.
Younger age was a significant predictor of healing. One
potential explanation for this association of age and heal-
ing is differences in compliance between children of
different ages; however, we did not find a relationship be-
tween compliance and age. The weight-adjusted calcium
intake would be greater for children at younger ages, and
the total calcium deficit may be greater in larger children
with larger bones, requiring longer to replete body calcium
in older children, assuming the same fractional calcium
absorption.14
Approximately one-third of children did not meet radio-
graphic criteria for healing after 24 weeks of calcium supple-
mentation, and several explanations could account for this.
First, compliance was less in nonhealed children compared
with children who achieved radiographic healing, although
this difference was not significant. A second possibility is
that 24 weeks may not be sufficient time for bone healing
in all children with rickets. This notion is supported by the
finding that children treated with supplemental calcium tab-
lets for 12 additional weeks continued to show evidence of
radiographic healing. Third, despite encouraged sun expo-
sure, some children may have required supplemental vitamin
D in addition to calcium to achieve healing. Vitamin D
improved the response to calcium supplementation as lime-
stone in children with calcium-deficiency rickets.17 Themean
serum 25(OH)D concentrations were greater in children who
achieved healing than in children who did not, even in the
group that received vitamin D. Vitamin D metabolites may
indirectly affect bone mineralization through mechanisms
other than calcium absorption or may promote healing
through mediation of phosphorus absorption.18
It might be argued that response to therapy appears to be
uniformly poor in these children, as only two-thirds had
reached the primary outcome measure (radiographic score
of 1.5 or less) after 6 months of therapy. Several guidelines
on the management of rickets recommend that treatment
only needs to be continued for 2-4 months,19-21 but theseComparison of Limestone and Ground Fish for Treatment of Nutrguidelines deal specifically with vitamin D deficiency, in
which the objective is to replete circulating 25(OH)D con-
centrations and vitamin D stores. The situation differs in
the management of dietary calcium deficiency rickets, in
which calcium supplements need to be continued for the
duration of healing, because calcium is not stored and
released like vitamin D. Thus, not only should calcium sup-
plementation in dietary calcium deficiency rickets be for a
minimum of 6 months, but an increase in dietary calcium
intake should be encouraged following healing.
A limitation in this study was the lack of serum samples for
all subjects at some time points. However, inclusion or exclu-
sion of the available laboratory data did not alter our conclu-
sion that either treatment was effective in healing rickets. The
available laboratory data were consistent with our previous
observations of the response to calcium supplementa-
tion.4,13,14,17 Because radiographic data were available for
all subjects, the primary radiographic outcome was not
affected by this limitation. A second limitation of this study
was the difference in age-related characteristics between the
2 treatment groups at baseline, despite randomized alloca-
tion of treatment assignment. This limitation could poten-
tially have been avoided had we stratified by age at
enrollment. However, we adjusted for baseline differences
in the analysis, and no difference in outcomes were evident
between the 2 groups. No compromise of allocation conceal-
ment occurred, and we conclude that the baseline differences
in age were the result of chance alone.
Locally available and culturally feasible forms of calcium
can be used to effectively treat nutritional rickets in Nigerian
children. Further studies are needed to clarify the ideal dura-
tion and dosing to ensure that all children achieve adequate
healing. Further investigation into other potential indige-
nous food-based sources of calcium, such as green leafy veg-
etables, which are a common source of calcium in some low
income countries, is also needed.7 n
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Heald FP, Hollander J. J Pediatr 1965;76:35-8
Obesity rates among children and adolescents have nearly quadrupled in the past 50 years.
1 In 1965, a retrospective
study by Heald and Hollander of obese adolescents attending a summer camp for obese girls determined rate of
weight gain at 1 year of age to be higher among the study participants than their socioeconomically and racially
matched controls. They found no significant relationship between birth weight and obesity or age at menarche and
obesity. The controls were described as a White, female private school sample. In the 21st century, White females
continue to be impacted; a study by Cockrell-Skinner and Skelton demonstrated a linear trend between class 3 obesity
(bodymass index 40) andWhite females (P = .02).2 Over the past 50 years, research has becomemore diverse, allowing
a better understanding of the impact obesity has on all youth.
Taveras et al demonstrated Black and Hispanic children with lower birth weight for gestational age and increased
prevalence of obesity at 3 years of age.3 They also demonstrated a trend with premature introduction of solid foods and
less time breast feeding and obesity. Of note, these findings were confounded by socioeconomic status.
Higher body mass index z scores have been reported to correlate with earlier age of thelarche, pubarche, and
menarche.1 This trend has been replicated many times and based on the timing of events, we know obesity presented
prior to puberty and not vise versa. Overall, in the past 50 years, evidence has shown that there is a relationship be-
tween obesity and birth weight, early childhood events, and age at puberty.
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Figure 2. A, serum calcium concentrations; B, serum alkaline phosphatase concentrations; C, aBMD Z-scores of the meta-
physeal radius and ulna; and D, aBMD z-scores of the diaphyseal radius and ulna during treatment of nutritional rickets with
ground fish or limestone. SEM is indicated by the error bars.
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